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ABA renewal differs from other types of renewal such as ABC renewal in that the latter may evoke a conditioned response when the CS is presented in a third, novel context (context C).
Further research to discover ways to reduce the renewal effect is important because it may show how to prevent relapse in certain circumstances following exposure therapy.
One possible method to promote retrieval of the extinction learning is to provide extinction treatment in a context in which the CS is likely to be encountered again (Thomas et al., 2003; Havermans et al., 2005) . However, this approach will not necessarily abolish ABC or AAB renewal because the CS is encountered in a novel context. An alternative approach is to conduct exposure therapy in multiple contexts rather than one context in order to generalise extinction learning (Rowe & Craske, 1998) . Chelonis, Calton, Hart, and Schachtman (1999) compared ABA renewal effects in a taste aversion task in groups of rats that were either given extinction treatment in multiple contexts, one context only, or not given extinction treatment at all. The group that was given extinction treatment in multiple contexts showed significantly less renewal of taste aversion than the other experimental groups. Gunther, Denniston, and Miller (1998) made a comparable finding in attenuating fear renewal in rats by conducting extinction in multiple contexts in an ABC design. Neumann (2006) extended this animal research to human participants in a series of experiments that used a computer based conditioned suppression task with both ABA and ABC renewal designs.
However, the apparently consistent finding of an attenuation of renewal following extinction in multiple contexts has been contradicted by subsequent research. Bouton, García-Guitiérrez, Zilskia, and Moody (2006) used a fear conditioning procedure with rats and did not find an attenuation of renewal. Thomas, Vurbic, and Novak (2009) also examined the effects of multiple extinction contexts on renewal using a conditioned suppression task with rats. Extending the results of Bouton et al. (2006) , they found that giving rats extinction treatment in three different contexts (in 36 trials) did not successfully attenuate renewal, but did so when combined with extended extinction trials (144 trials). The failure to find attenuation of renewal following extinction in multiple contexts is not restricted to the use of rat subjects. Neumann, Lipp, and Cory (2007) conducted two experiments using an aversive conditioning procedure with humans and found no attenuation of ABA renewal following extinction treatment in 3 or 5 different contexts.
In addition to the number of extinction trials (Thomas et al., 2009) , the similarity between the contexts may be a factor that influences not only renewal itself, but also the effects of multiple extinction contexts on renewal. Thomas et al. (2003) tested the effects of context similarity in ABA, ABC, and AAB renewal designs using a fear conditioning procedure with rats.
Although ABA renewal occurred in the first experiment when both odour and the location of the box were manipulated, it did not occur in the second experiment when each manipulation was used in isolation. Havermans et al. (2005) found analogous results in research with humans using a conditioned suppression task. Small contextual manipulations did not produce a significant renewal effect, although increasing the strength of the context change did. These results suggest that the effect of extinction on renewal may partially depend on the degree of contextual similarity between extinction training and subsequent testing. Extinction treatment in multiple contexts may thwart the renewal effect more readily when the multiple extinction contexts are more similar to the test context than when they are different. However, it is difficult to answer this question by examining past research due to differences in methodology. For example, examining the extent of contextual similarity in the two prior contradictory human experiments (Neumann, 2006; Neumann et al., 2007 ) is complicated as neither study manipulated contexts systematically.
The aims of the present research were to investigate whether multiple extinction contexts and context similarity influence the magnitude of renewal both independently and in combination.
A differential aversive conditioning procedure with humans was used to examine ABA renewal of shock US expectancy, similar to Neumann et al. (2007) . Instead of the continuous US expectancy ratings used by Neumann et al., participants were probed to make a rating during selected CS presentations (see Lissek et al., 2008) . Recently, Neumann and Kitlertsirivatana (2010) used this approach to measure US expectancy and demonstrated a renewal effect in both ABA and ABC designs. An advantage of the probed expectancy ratings is that it also permits the measurement of the time taken to make the ratings. Neumann and Kitlertsirivatana found that response times during an excitatory CS (i.e., CS+) and a control CS (i.e., CS-) decreased across trials within acquisition and extinction phases. Response times to both CSs increased whenever there was a change to a novel context from acquisition to extinction, although only the CS+ showed an increase in response time following a change to a novel context in the test phase. One interpretation of these results was that longer reaction times reflected increased ambiguity regarding the meaning of the CS in the novel context. On this basis, it would be expected that when extinction learning generalises to the test context, there will be less ambiguity regarding the meaning of the CS, and response times will be faster during the renewal test phase.
In contrast to prior research on multiple extinction contexts in which categorically distinct context manipulations were used (e.g., differed coloured lighting; Neumann, 2006; Neumann et al., 2007) , a continuous manipulation was used in the present experiment. This was achieved by varying the lighting level in the room from light to dark. Six groups were used. The ABA-d and ABA-s design renewal groups were exposed to one extinction context that was dissimilar or similar to the test context, respectively. The A(BCD)A-d and A(BCD)A-s design renewal groups were exposed to three extinction contexts that were dissimilar or similar to the test context, respectively. The AAA-d and AAA-s groups served as controls for the respective similar and dissimilar context groups and did not receive a change of context for the extinction trials. Based on previous findings, it was hypothesised that there will be attenuation in the renewal of US expectancy for the A(BCD)A-d group relative to the ABA-d group, thus showing that multiple extinction contexts attenuate renewal. It was also hypothesised that renewal would be attenuated in the ABA-s group when compared to the ABA-d group, thus showing that extinction in a similar context to test will attenuate renewal. Furthermore, it was hypothesised that there will be a complete abolishment of renewal in the A(BCD)A-s group (i.e., US expectancy during test will be identical to the AAA control groups), thus reflecting the additive effects of multiple extinction contexts and context similarity on renewal.
Method Participants
One hundred and three first year psychology students from Griffith University participated in exchange for partial course credit. One participant did not make a response on 60% of the trials and three participants failed to show evidence of learning the stimulus contingencies during acquisition. These participants were removed from the analyses. The final sample consisted of 99 participants (32 males and 67 females) with a mean age of 23.24 years (range = 18 to 49, SD = 5.51). Each participant was randomly assigned to one of six groups. The six groups included two control groups AAA-d (n =17), AAA-s (n = 17), and four experimental groups, ABA-d (n =17), ABA-s (n = 15), A(BCD)A-d (n = 16), and A(BCD)A-s (n = 17). Group membership was independent of gender, χ² (5) = .19, p = .60. All participants gave informed consent to a protocol granted institutional ethical approval prior to participation. Ag/AgCl electrodes with varying intensity between participants. The shock stimulus was generated using an IWORX SI100 stimulus isolator that maintained a set current level and could emit a maximum of 100 volts. The DMDX program (Forster & Forster, 2003) run on a Dell Optiplex computer controlled the order and duration of the CS and US presentations and recorded the participants' responses.
Apparatus
The two response measures were self-reported expectancy of the shock and the time to make the expectancy ratings (see Lissek et al., 2008; Neumann & Kitlertsirivatana, 2010 ). After 1 s following the onset of selected CS presentations, the text Likelihood of shock? was presented above and below the CS in white Arial font (4 cm in height). The question cued the participants to report their perceived expectation of the shock by pressing a button on the computer keyboard.
Participants made ratings along a scale where 1 = very low, 2 = low, 3 = moderate, 4 = high using the V, B, N, and M keys, respectively, on the keyboard. presented during acquisition and test. The greater the distance in lux value between contexts, the greater the dissimilarity between them, and vice versa for similarity. To check for comparability across groups in depression, anxiety and stress levels, the Depression Anxiety Stress Scales 21-item version (DASS21, Lovibond & Lovibond, 2005) was used.
Procedure
Each participant was tested individually. After completing the DASS21, participants were seated in the experimental room and the intensity of the shock stimulus was set at a level the participant reported was "unpleasant, but not painful". The mean shock level across all participants was 81.77 V (SD = 16.23). Participants were next told that they would be presented with geometric shapes and the shock stimulus and that they may notice changes in the lighting levels of the room. The participants were told that their task would be to report their level of expectancy in receiving a shock when the text "Likelihood of shock?" appeared on the screen.
They were asked to press the button on the keyboard corresponding to their level of expectancy using the index finger of their preferred hand. Moreover, participants were asked to provide their ratings as quickly as possible. The experiment began after the instructions. Table 1 - Table 1 about here
All groups received three phases of acquisition, extinction, and test and each phase began immediately after the previous one finished. In the acquisition phase, there were presentations of the CS+ paired with the US and the CS-was presented alone. In the extinction phase, CS+ and CS-alone presentations were made. In the test phase, the CS+ and CS-were again presented alone. There were 10, 12 and 1 presentation of each CS in acquisition, extinction and test phases respectively, but participants were only prompted on selected trials to ensure that their response times were not affected by their ability to predict the expectancy rating prompts. The trials in which the ratings were prompted were trials 1, 4, 7 and 10 in the acquisition phase, trials 1, 4, 5, 8, 9 and 12 in the extinction phase, and for the single test trial. The order of CSs were randomised, with the restriction that the same CS was presented no more than two times in a row and that the first CS presented in each phase was counterbalanced across participants. The time between each trial was randomly varied between 10 s, 12.5 s, and 15 s CS offset to the next CS onset.
The ABA and A(BCD)A design groups received the extinction trials in a different context to acquisition, with the latter group receiving extinction trials across three contexts. In addition, the ABA and A(BCD)A design groups received exposure to context A alone after acquisition to partly control for the possibility that the context alone could serve as a cue of the US during the test phase (see Neumann & Longbottom, 2008) . The AAA design groups received all CS presentations in the same context (context A), although this group also received exposures to the extinction context used in the corresponding ABA design groups (i.e., context B). The placement of the context alone exposures relative to the extinction trials is shown in Table 1 . At the conclusion of the experiment, participants were asked if they had noticed a change in the lighting level of the room. All participants reported that they had noticed a change.
Scoring and Statistical Analyses
The shock expectancy ratings varied from 1 to 4. The participants were considered to have shown successful learning of the stimulus contingencies if they reported expectancy ratings of 3 or higher on the two last CS+ trials of the acquisition phase and expectancy ratings of 2 or below on the two last CS+ trials of the extinction phase. Three participants (two from ABA-s and one from A(BCD)A-d) were removed due to not learning the stimulus relationships during acquisition. Missing responses were replaced using linear interpolation of scores during the same experimental phase. Using this method, the mean of the participant's score preceding and/or following the missing score during the same experimental phase was used to replace the missing value. There were no missing data for either the first trial following or last trial immediately preceding the context changes made during extinction for the A(BCD)A-s or A(BCD)A-d groups.
The percentage of missing responses across groups were: 2.14% for AAA-s, 1.60% for group AAA-d, 1.60% for group ABA-d, 2.14% for group ABA-s, 0.27% for group A(BCD)A-d and 1.87% for group A(BCD)A-s.
Oneway ANOVAs revealed no significant differences between the groups in final shock level, age, and scores on the depression, anxiety, and stress subscales of the DASS21, all Fs < 1.14, p > .05. Mixed model ANOVAs were used to test the hypotheses with the dependent variables of shock expectancy rating and response times. The between-subjects independent variables were Design with three levels (AAA, ABA, A(BCD)A) and Similarity with two levels (dissimilar, similar). The within-subjects independent variables were CS with two levels (CS+, CS-) and Trial with either 4 levels (acquisition) or 6 levels (extinction). In case of violations to the assumption of sphericity, Huynh-Feldt corrections were applied. Post hoc analyses used t tests adjusted for Type I error using Bonferroni corrections. The statistical significance was set at an α-level of .05.
Results

Expectancy of Shock
The participants' expectancy ratings across all experimental phases in the dissimilar and similar contexts are shown in Figure 1 and Figure 2 , respectively. Participants developed an expectancy of shock during acquisition, which was subsequently extinguished. A renewal of shock expectancy was found in the test phase in some renewal design groups, with its magnitude varying as a function of the number of extinction contexts and context similarity. Renewal was strongest when a single dissimilar context was presented during extinction and it appeared to be abolished when multiple similar contexts were presented during extinction. Figure 1 and 2 about here 
Response Time
The participants' response times for the first and last trials in the acquisition and extinction phases and for the test trial are shown in Table 2 . As can be seen, response times decreased within each phase for acquisition and extinction. In addition, the response times in the renewal design groups increased from the last acquisition trial to the first extinction trial.
Response times decreased from the extinction to test phase for the control groups and similar context renewal design groups, but tended to increase in the test phase for the renewal design groups with dissimilar contexts.
------------------------------
Insert Table 2 about here an increase in expectancy of the US for the CS-. Bouton, (2004) noted that in some cases the first thing learnt may, to an extent, be context specific, which may explain for the increases in expectancy ratings for the CS-following the context change. In most cases, the first thing learnt about a CS is an excitatory CS-US association. In this respect, the relatively good transfer of acquisition learning for the CS+ differs from the decrement seen for the CS-. The greater transfer of learning following a context change from acquisition to extinction for the CS+ than for the CS-has also been observed in other research (e.g., Effting & Kindt, 2007; Neumann et al., 2007;  cf. Neumann, 2007) . It would appear that, at least for a human differential conditioning procedure, the transfer of learning across contexts is less stable for a CS-than for a CS+.
Response times to make the US expectancy ratings were used as a secondary measure related to learning. The response times revealed a shortening from earlier to later trials in both the acquisition and extinction phase. Lissek et al. (2008) argued that response times vary as a function of ambiguity surrounding the CSs; indeed a similar interpretation was also provided by Neumann & Kitlertsirivatana (2010) in a more recent study using the same measures of response time as the current study. These interpretations are supported by the fact that the shortening of response times within a phase was paralleled by the change in expectancy judgements. That is, participant's expectancy became not only faster, but more accurate to the actual stimulus contingencies over successive trials.
Response times were also influenced by the changes in context. A change in context from acquisition to extinction lengthened response times in the ABA and A(BCD)A design groups. The present study is limited in that it only measured fear indirectly via self reported measures of shock expectancy. Expectancy of the shock US was selected because it has proven to be the most sensitive measure of renewal in a fear conditioning procedure (e.g., Effting & Kindt, 2007; Neumann et al., 2007) and would thus be more likely to be sensitive to the subtle manipulations of context similarity and the use of multiple extinction contexts in the present experiment. However, a measurement of the expectancy of the US does reduce its application to, for instance, phobias where fear as an affective reaction is a central component. Self report measures of shock expectancy are correlated with objective measures of fear, such as the startle response (Neumann & Waters, 2006) . Measuring startle responses in conjunction with measures of the autonomic nervous system, such as skin conductance responses (e.g., Lipp, Neumann, & Mason, 2001; Neumann, Lipp, & Siddle, 1997; Neumann, Waters, & Westbury, 2008) , is recommended for future research to provide a more objective and valid measure of fear learning than that provided by expectancy ratings alone.
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